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Experimental 

Crystal data 

[Co(C 10 H s N 2 )3][Co(C 7 H 3 NO 4 ) 2 ] 2 - 

(ClO 4 )-0.5C 3 H 7 NO-1.3H 2 O 
M r = 1465.18 
Triclinic, PI 
a = 14.1988 (4) A 
b = 14.7317 (6) A 
c = 16.6016 (8) A 
a = 113.286 (2)° 

Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: multi-scan 
(DENZOI SCALEPA CK; Otwi- 
nowski & Minor, 1997) 
T min = 0.753, T m „ = 0.929 



• 1.3H 2 0 



P = 107.128 (3)° 
y = 90.190 (3)° 
V = 3019.8 (2) A 3 
Z = 2 

Mo Ka radiation 
fi = 0.95 mm -1 
T = 100 K 

0.32 x 0.18 x 0.08 mm 



50715 measured reflections 
13787 independent reflections 
9788 reflections with / > 2a(I) 
R iM = 0.044 



In the title compound, [Co(C 10 H 8 N 2 )3][Co(C 7 H 3 NO4)2]2- 
(ClO 4 )0.5C 3 H 7 NO1.3H 2 O, the Co 111 atom in the complex 
cation is pseudooctahedrally coordinated by six N atoms of 
three chelating bipyridine ligands. The Co 111 atom in the 
complex anion is coordinated by two pyridine N atoms and 
four carboxylate O atoms of two doubly deprotonated 
pyridine -2,6-dicarboxylate ligands in a distorted octahedral 
geometry. One dimethylformamide solvent molecule and two 
water molecules are half-occupied and one water molecule is 
0.3-occupied. O— H- ■ O hydrogen bonds link the water 
molecules, the perchlorate anions and the complex anions. 
7r-7T interactions between the pyridine rings of the complex 
anions are also observed [centroid-centroid distance = 
3.804 (3) A]. 



Refinement 

R[F 2 > 2a(F 2 )] = 0.060 
wR(F 2 ) = 0.181 
S = 1.03 

13787 reflections 
871 parameters 



Table 1 

Hydrogen-bond geometry (A, ' 



1 restraint 

H-atom parameters constrained 



Aft, 
Aft, 



1.34 e A - -' 
-1.11 e A" 



D-H- - A 


D-H 


H- ■ A 


D-A 


D-H- - A 


014.4-H14£-012 


0.94 


2.11 


3.017 (9) 


164 


OUA-HUF- ■ ■03A i 


0.94 


1.97 


2.861 (9) 


156 


015-H115-07.4" 


0.85 


2.20 


3.029 (13) 


164 


015-H215- - 02B 


0.85 


2.07 


2.842 (13) 


152 



Symmetry codes: (i) x,y + 1, z' y (ii) —x, —y. — z + 1. 



Related literature 

For properties of polynuclear complexes, see: Fritsky et al. 
(2001, 2004); Kramer & Fritsky (2000); Moroz et al. (2010); 
Thompson (2002). For the use of hydroxamic acids in the 
synthesis of oligonuclear complexes and coordination poly- 
mers, see: Golenya et al. (2012a, ft); Gumienna-Kontecka et al. 
(2007); Mezei et al. (2007); Pavlishchuk et al. (2011); Strot- 
meyer et al. (2004). For hydrolytic decomposition of hydro- 
xamate ligands on complex formation, see: Dobosz et al. (1998, 
1999); Swiatek-Kozlowska et al. (2000). For the preparation of 
the ligand, see: Swiatek-Kozlowska et al. (2002). For related 
structures, see: Fritsky et al. (2003); Mokhir et al. (2002); 
Moroz et al. (2008); Penkova et al. (2009); Sachse et al. (2008); 
Worl et al. (2005a,ft). 



Data collection: COLLECT (Nonius, 1998); cell refinement: 
DENZO/SCALEPACK (Otwinowski & Minor, 1997); data reduc- 
tion: DENZO/SCALEPACK; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND 
(Brandenburg, 1999); software used to prepare material for publi- 
cation: SHELXL97. 
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Researches of Ukraine (grant No. F40.3/041) and the Swedish 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2582). 
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Tris(2,2 f -bipyridine-/c 2 N,N f )cobalt(lll) bis[bis(pyridine-2,6-dicarboxylato- 
tf 3 0 2 ,N,0 6 )cobaltate(lll)] perchlorate dimethylformamide hemisolvate 1.3- 
hydrate 

Irina A. Golenya, Alexander N. Boyko, Natalia V. Kotova, Matti Haukka andTurganbay S. 
Iskenderov 

Comment 

Polynuclear complexes and supramolecular assemblies containing both cationic and anionic modules are widely used in 
molecular magnetism, crystal engineering, bioinorganic modeling and catalysis (Fritsky et ah, 2001, 2004; Kramer & 
Fritsky, 2000; Moroz et ah, 2010; Thompson, 2002). Hydroxamic acids are extensively used in synthesis of discrete 
oligonuclear compounds (e.g. metallacrowns) (Golenya et ah, 2012a,b; Mezei et ah, 2007; Strotmeyer et ah, 2004) and 
coordination polymers (Gumienna-Kontecka et ah, 2007; Pavlishchuk et ah, 2011). However, the synthesis of such 
compounds in aqueous solution under alkaline conditions is sometimes complicated by hydrolytic decomposition of the 
hydroxamate function resulting in the formation of carboxylic groups (Dobosz et ah, 1998, 1999; Swiatek-Kozlowska et 
ah, 2000). Herein we report the crystal and molecular structure of the title compound obtained in the course of our 
attempt to obtain a mixed ligand binuclear cobalt complex as a result of hydrolytic decomposition of pyridine-2,6-di- 
hydroxamic acid. 

The title compound is ionic and contains discrete tris(2,2'-bipyridine)cobalt(III) cations, bis(pyridine-2,6-dicarboxyl- 
ato)cobalt(III) complex anions, perchlorate anions and solvent DMF and water molecules (Fig. 1). The Co 111 atom in the 
complex cation is pseudooctahedrally coordinated by six N atoms of three chelating bipyridine ligands. The Co 111 atoms in 
the complex anions are coordinated by two pyridine N atoms and four carboxylate O atoms of two doubly deprotonated 
pyridine-2,6-dicarboxylate ligands in a distorted octahedral geometry. The values of Co — O and Co — N bond distances in 
the complex anions are in a range of 1.834 (3)— 1.838 (3) A and 1.904 (3)— 1 .938 (3) A, respectively. The Co — N distances 
range in the complex cation is 1.930 (3)— 1.955 (3) A. The observed values of Co — O and Co — N bond lengths are typical 
for realted cobalt(III) complexes (Fritsky et ah, 2003; Mokhir et ah, 2002; Swiatek-Kozlowska et ah, 2000). This clearly 
indicates that the metal ions in both complex cation and anions are in trivalent state. The C — O bond lengths in the 
deprotonated carboxylate groups differ significantly [1.239 (2) and 1.292 (2) A], which is typical for monodentately 
coordinated carboxylates (Worl et ah, 2005a, b). The C — N and C — C bond lengths in the 2,2'-bipyridine ligands and in 
the pyridine-2,6-dicarboxylate ligands are normal for 2-substituted pyridine derivatives (Moroz et ah, 2008; Penkova et 
ah, 2009; Sachse et ah, 2008). 

The crystal packing of the title compound is presented in Fig. 2. O — H-0 hydrogen bonds link the water molecules, the 
perchlorate anions and the complex anions, n—n interactions between the pyridine rings of the complex anions are 
observed [centroid-centroid distance = 3.804 (3) A]. 
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Experimental 

Cobalt(II) perchlorate hexahydrate (0.037 g, 0.1 mmol) was dissolved in methanol (5 ml) and mixed with a solution of 
pyridine-2,6-dihydroxamic acid (0.039 g, 0.2 mmol) synthesized according to Swiatek-Kozlowska et al. (2002) in di- 
methylformamide (5 ml), then to the obtained mixture a solution of sodium hydroxide (0. 1 M, 4 ml) was added. In a 
separate vessel, cobalt(II) perchlorate hexahydrate (0.037 g, 0.1 mmol) was dissolved in methanol (5 ml) and mixed with 
a solution of 2,2'-bipyridine (0.312 g, 2 mmol) in methanol (5 ml). Then the two obtained solutions were mixed, and the 
obtained mixture was stirred at 60 C° for 30 min and filtered. Dark red crystals suitable for X-ray analysis were obtained 
by slow diffusion of diethyl ether into the resulting solution at room temperature within 72 h. They were filtered off and 
washed with diethyl ether (yield: 62%). 

Refinement 

The DMF molecule was partially lost and therefore it was refined with occupancy of 0.5. The N13 — C45 and N13 — C46 
distances in the DMF molecule were set to be equal. Also, C, N and O in DMF were refined with equal anisotropic 
displacement parameters. One of the water molecules was disordered over two sites with equal occupancies. Another 
water molecule was refined with occupancy factor of 0.3. The water H atoms were located from a difference Fourier map 
and constrained to ride on the parent atoms, with t/i SO (H) = 1.5[/ eq (0). Other H atoms were positioned geometrically and 
refined as riding atoms, with C— H = 0.95 (CH) and 0.98 (CH 3 ) A and f7 iso (H) = 1.2(1.5 for methyl) U^C). The highest 
residual electron density was found at 1.06 A from H46C atom and the deepest hole at 0.69 A from Cll atom. 

Computing details 

Data collection: COLLECT (Nonius, 1998); cell refinement: DENZO/ SCALEPACK (Otwinowski & Minor, 1997); data 
reduction: DENZO/ SCALEPACK (Otwinowski & Minor, 1997); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND 
(Brandenburg, 1999); software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

Molecular structure of the title compound, with displacement ellipsoids shown at the 50% probability level. 
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Figure 2 

A packing diagram of the title compound. H atoms have been omitted for clarity. 

Tris(2,2'-bipyridine-»c 2 iV,iV')cobalt(lll) bis[bis(pyridine-2,6-dicarboxylato- /c 3 0 2 ,iV,0 ,> )cobaltate(lll)] perchlorate 
dimethylformamide hemisolvate 1 .3-hydrate 



Crystal data 

[Co(C 10 H 8 N 2 ) 3 ] 

[Co(C 7 H 3 NO4)2]2(ClO4)0.5C3H 7 NO- 1 .3H 2 0 
M r = 1465.18 
Triclinic, PI 
Hall symbol: -P 1 
a = 14.1988 (4) A 
6 =14.7317 (6) A 
c= 16.6016(8) A 
a= 113.286(2)° 
^= 107.128 (3)° 
y = 90.190 (3)° 

Data collection 

Nonius KappaCCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Horizontally mounted graphite crystal 

monochromator 
Detector resolution: 9 pixels mm -1 
<p and a) scans 

Absorption correction: multi-scan 
(DENZO/SCALEPA CK; Otwinowski & Minor, 
1997) 



V= 3019.8 (2) A 3 
Z=2 

P(000) = 1490 

D x = 1.611 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 50715 reflections 

(9 = 2.3-27.5° 

fi = 0.95 mirr 1 

T= 100 K 

Plate, dark-red 

0.32 x 0.18 x 0.08 mm 



T mm = 0.753, 7 max = 0.929 
50715 measured reflections 
13787 independent reflections 
9788 reflections with I > 2a(T) 
Rm = 0.044 

''mux 

= 27.5°, 6 

min ^ • 



^ = — 18— >18 
yt = -19^19 
/ = -21->21 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 2 )] = 0.060 
wR(F 2 ) = 0.181 
S = 1.03 

13787 reflections 
871 parameters 
1 restraint 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: mixed 

H-atom parameters constrained 

w = l/^F 2 ) + (0.0882P) 2 + 6.788P] 

where P = (F 0 2 + 2F 2 )/3 
(A/<7) max < 0.001 
Ap max = 1.34 e A" 3 
Ap min = -l.ll e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


U- *ITJ 


ColA 


-0.00824 (4) 


0.01102 (4) 


0.78276 (4) 


0.02594 (14) 


ColB 


0.47004 (4) 


0.00821 (4) 


0.71679 (4) 


0.02581 (14) 


Co2 


0.24444 (4) 


0.50151 (4) 


0.24937 (4) 


0.02425 (14) 


Cll 


0.20408 (8) 


0.57673 (9) 


0.61001 (9) 


0.0464 (3) 


OlA 


-0.09182 (19) 


0.1091 (2) 


0.76943 (19) 


0.0287 (6) 


02A 


-0.2162 (2) 


0.1836 (2) 


0.8138 (2) 


0.0337 (6) 


03A 


0.0468 (2) 


-0.1927 (2) 


0.8807 (2) 


0.0363 (7) 


04A 


0.0565 (2) 


-0.0920 (2) 


0.8104 (2) 


0.0309 (6) 


05A 


0.0858 (2) 


0.1126 (2) 


0.88970(19) 


0.0321 (6) 


06A 


0.2252 (2) 


0.2139(3) 


0.9317(2) 


0.0451 (8) 


07A 


-0.0809 (2) 


-0.1502 (2) 


0.5150 (2) 


0.0361 (7) 


08A 


-0.08256 (19) 


-0.0857 (2) 


0.66155 (19) 


0.0274 (6) 


OIB 


0.4178 (2) 


0.1164 (2) 


0.6868 (2) 


0.0311 (6) 


02B 


0.4444 (2) 


0.2120 (2) 


0.6165 (2) 


0.0397 (7) 


03B 


0.6721 (2) 


-0.1733 (2) 


0.7022 (2) 


0.0352 (7) 


04B 


0.54342 (19) 


-0.0949 (2) 


0.73398 (19) 


0.0293 (6) 


05B 


0.5412 (2) 


0.1005 (2) 


0.84153 (19) 


0.0310(6) 


06B 


0.5385 (2) 


0.1466 (2) 


0.9873 (2) 


0.0432 (8) 


07B 


0.2357 (2) 


-0.1898 (2) 


0.5513 (2) 


0.0373 (7) 


08B 


0.37790 (19) 


-0.0869 (2) 


0.60488 (19) 


0.0286 (6) 


09 


0.1282 (2) 


0.6308 (3) 


0.5794 (3) 


0.0584 (10) 


O10 


0.2684 (2) 


0.5537 (3) 


0.5536 (3) 


0.0562 (10) 


Oil 


0.1580 (3) 


0.4859 (3) 


0.6027 (3) 


0.0550 (9) 


012 


0.2630 (3) 


0.6361 (3) 


0.7060 (3) 


0.0688 (12) 


013 


0.1629 (6) 


0.3704 (7) 


0.8102 (6) 


0.0662 (13) 


014A 


0.1748 (6) 


0.6559 (7) 


0.8558 (5) 


0.0680(16) 



Occ. (<1) 



0.50 
0.50 
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XT1 A 
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U.844U (2 ) 


A AO CO" /O'A 
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XTT A 

JN2A 


0.0/28 (2) 


A A J J /I /TA 

0.0334 (Z) 


A "700/: /OA 

0. /226 (2) 


A AT A O /TA 

0.0248 (/) 




JN lb 


A C£m /oa 

0.5602 (2) 


A /OA 

0.0223 (2) 


A CC\ Z. /OA 

0.6615 (2) 


A ATT1 /TA 
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JN2b 
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N5 
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No 
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N8 
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0.3362 (2) 


0.4074 (2) 
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0.2137 (2) 
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0.0282 (7) 




N9 


A "5 1 jC 1 /'7\ 

0.3161 (7) 


0.4078 (8) 


A O 1 /H\ 

0.8183 (7) 


A A^/HT / 1 1 A 

0.0662 (13) 


A CA 

0.50 


CIA 


A 1 /"A A /O \ 

-0.1600 (3) 


0.1209 (3) 


A O 1 A A /O \ 

0.8104 (3) 


A ATT/" ZO\ 

0.0276 (8) 




C2A 


n i£n /o\ 

—0.1612 (3) 


A C\A CQ /OA 

U.U488 (3 ) 


A Of/IC /J A 

0.8545 (3 ) 


A AOOO /OA 

0.02 /y (8 ) 




/TO A 

C3A 


A Til /I /O \ 

-0.2224 (3) 
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0.0372 (3) 
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0.9016 (3) 
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0.0308 (9) 




t to a 
H3A 


A IT) A 

-0.2739 


A A H H J 

0.0773 


A A 1 A /I 

0.9104 


a An* 

0.037* 




C4A 


A OACO /OA 

—0.2030 (3) 


A AO 1 /OA 

—0.0361 (3) 


A AO 1 /O A 

0.9361 (3) 


A AO 0 1 /AA 

0.0331 (9) 




TJ A A 

H4A 


n o/ioo 
—0.24 /z 


A A/1 /TO 


0.^684 


a n/in* 
0.040^ 




C5A 


a ii nn /o A 

—0.1300 (3) 


A AA/1 /I /OA 

—0.0944 (3) 


A AO A 1 /O A 

0.9241 (3) 


A AO AO /AA 

0.0308 (9) 




TTC A 

H5A 


A 1 1 OA 

-0.1189 


A 1 /I J A 

-0.1439 


A A /l TO 

0.9478 


a An* 

0.037* 




Co A 


A A*7 1 1 /I \ 

-0.0713 (3) 


A A70 1 /J A 

-0.0781 (3) 


0.8769 (3) 


A AT OO /OA 

0.0283 (8) 




(_ /A 


a a i hi /"2\ 


— U.lZ / 1 (3) 




u.uzy4 (y) 




C8A 


0.1575 (3) 


A 1 C A 1 /I \ 

0.1501 (3) 


0.8729 (3) 


A AO T ^ /A\ 

0.0325 (9) 




C9A 


A 1 C AC /O A 

0.1505 (3) 


A 1 A/1 A /O A 

0.1049 (3) 


A *7TO J /O A 

0. / /24 (3) 


A AT/O /OA 

0.0268 (8) 




C10A 


A T 1 1 A /O \ 

0.2110 (3) 


0.1266 (3) 


A TO on /O \ 

0.7287 (3) 


A AO 1 A / A \ 

0.0310 (9) 




t_ti a a 


0.266/ 


A 1 TTO 
0.1 / /3 


0. /62 / 


a AOT* 

0.03 /* 




1 1 A 

C11A 


A 1 OOO /O \ 

0.1882 (3) 


A ATI C /I \ 

0.0725 (3) 


A £") A A / J \ 

0.6340 (3) 


A AO T £. /AA 

0.0326 (9) 




I r i 1 A 

Hi 1A 


U.ZZ55 


U.U868 


U.6UZ / 


a nin* 
U.U39* 




C12A 


A 1 A^£ 

U.1U63 (3) 


A AAl 1 

\ (3) 


U.3B36 (3) 


A nino lew 
U.U3U5 (9) 




HlzA 


A A A 1 *5 
U.U913 


A f\A 1 1 

— U.U41 1 


A f lOO 

U.5188 


A A*5 
U.U3 /* 




C13A 


A A /I O /" /O \ 

0.0486 (3) 


A A^A'I /1\ 

-0.0202 (3) 


a a o 1 o /o \ 

0.6318 (3) 


A ATTA ZO\ 

0.0270 (8) 




C14A 


A A A A O / J A 

—0.0448 (3) 


A AAO O /O A 

-0.0928 (3) 


A CfliC/ /OA 

0.5966 (3) 


A ATTO /OA 

0.02 15 (8) 




C1B 


A A £ A O /I \ 

0.4648 (3) 


A 1 >|f 1 /O \ 

0.1453 (3) 


A /IT) /O \ 

0.6423 (3) 


A AO T T / A\ 

0.0322 (9) 




PIT) 

C2B 


A ff 1 A /O \ 

O.j j 10 (3) 


A AOOA /OA 

0.0889 (3) 


a /c:o/:a /oa 
0.6260 (3) 


A ATA/I /AA 

0.0296 (9) 




C3B 


0.6147 (3) 


A AAIO ZO\ 

0.0978 (3) 


0.5797 (3) 


A AOTA / A \ 

0.0329 (9) 




Hits 


U.6U9 / 


A 1 A £t\ 

U.146U 




A A/1A* 
U.U4U V 




/'IT) 

C4B 


U.6s63 (3) 


U.U33 / (3) 


U.3 /16 (3) 


A A1 ^'J / 1 A\ 

U.U363 (1U) 




H4B 


0.7314 


0.0385 


0.5406 


0.044* 




C5B 


0.6934 (3) 


-0.0372 (3) 


0.6079 (3) 


0.0343 (10) 




H5B 


0.7416 


-0.0818 


0.6011 


0.041* 




C6B 


0.6272 (3) 


-0.0406 (3) 


0.6545 (3) 


0.0283 (9) 




C7B 


0.6166 (3) 


-0.1097 (3) 


0.6996 (3) 


0.0304 (9) 
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C8B 


0.5037 (3) 


A Am 1 /i \ 

0.0971 (3) 


A AAn /1\ 

0.9037 (3) 


A A1 1 S~ / C\ \ 

0.0316 (9) 


C9d 


0.4103 (3) 


A A1 1 A /I \ 

0.0214 (3) 


0.8618 (3) 


A A10*7 ZO\ 

0.028 / (8) 


C10B 


a i c c\i /i \ 

0.3597 (3) 


-0.0137 (3) 


A AAf 1 /1\ 

0.9052 (3) 


A A ") 1 o /n\ 

0.0328 (9) 


HI OB 


a linn 
0.3 /90 


0.0133 


A mAO 

0.9 /09 


A nin* 

0.039^ 


CI Id 


0.2805 (3) 


A AOO/C: /1\ 

-0.0886 (3) 


0.8515 (3) 


A A1 £. A / 1 A\ 

0.0369 (10) 


T T 1 IT) 

HI Id 


A 1 /I /I /I 

0.2444 


A 1 1 lO 

—0. 1 128 


A OOAC 

0.8805 


A A/l A * 

0.044* 


C12B 


0.2526 (3) 


A 1 1 A 1 /") \ 

-0.1291 (3) 


A 7f A A /I \ 

0.7549 (3) 


A A1 1 O /A\ 

0.0318 (9) 


T T 1 1 T) 

HI ZD 


0.19/3 


A 1 OA 1 

—0. 1801 


A *7 1 H £L 
0. /I /6 


A A1 O * 

0.038* 


/" < 1 O D 

L13d 


0.3078 (3) 


A AA1 C /I \ 

-0.0925 (3) 


A T 1 C C S") \ 

0.7155 (3) 


A A1 Ol ZO\ 

0.0283 (8) 


C14d 


A 1A10 /"J\ 

0.302a (3) 


A 1 lOA 

—0.1280 (3) 


0.6151 (3) 


A A107 /OA 

0.028 / (8) 


C15 


A 1 C A 1 /1\ 

0.1501 (3) 


A /'Of/' /I \ 

0.6856 (3) 


A 1 O O A 

0.2884 (3) 


A A1 O C ZO\ 

0.0285 (8) 


i_ri c 
H15 


a 1 oin 
0.16/9 


A "7A/1 H 
0. /04/ 


A 1 C*7 C 

0.25 /6 


A A1 A * 

0.034* 


C16 


A AO /"} \ 

0.0887 (3) 


C\ H A A1 /") \ 

0.7492 (3) 


A llif 1 /I \ 

0.3261 (3) 


A AT T A /A\ 

0.0330 (9) 


i_ri £. 
H16 


A AO /I 

0.0846 


0.8115 


A Oil/; 

0.3216 


0.040* 


CI / 


a ai in /i\ 
0.0329 (3) 


A 71 1 O /"I A 

0. /218 (3) 


A 1 *7 A A /"J\ 

0.3 /09 (3) 
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0.03 /0 (10) 


Hi / 
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A H C A A 
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0.39 /6 
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0.044* 


Lis 
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0.0403 (3) 
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0.3758 (3) 
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0.0353 (10) 
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A £ 1 AA 

0.6100 


0.4059 


A A/1 O * 
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0.1027 (3) 
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0.3369 (3) 


0.0285 (8) 


C20 
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0.1182 (3) 
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0.4 /29 (3) 
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0.3400 (3J 


A AIOI ZO\ 

0.0283 (8) 


C21 


0.0650 (3) 


A A 1 £ A S1\ 

0.4264 (3) 


A ") 71 A /") \ 

0.3739 (3) 


A A1 C A { 1 A\ 

0.0354 (10) 


H21 


a An*: 

0.0136 


A A zcn 
0.456 / 


0.3964 


A A/IT * 

0.042* 


C22 


0.0871 (3) 


0.3358 (3) 


0.3749 (3) 


0.0379 (10) 


till 


A ACAA 

0.0509 


A 1 A1 A 

0.3029 


A 1 A70 

0.39/8 


A A/l C * 

0.045* 


L23 


0.1631 (3) 


a im 1 /i\ 

0.2931 (3) 


A ") A 1 A /T\ 

0.3419 (3) 


A A1 1 1 SCi\ 

0.0333 (9) 


t to "i 

H23 


A 1 OAf 

0.1805 


A 11 1 /I 

0.2314 


A ~i A 1 1 

0.3433 


A A A A* 

0.040* 


/~*o /i 
C24 


A 1 1 1 O /I \ 

0.2128 (3) 
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A 1A71 /I \ 

0.3072 (3) 


A A177 ZO\ 

0.0277 (8) 


H24 


A 1/T/1 1 

0.2641 


A 1 1 11 

0.3123 


A 1 O A A 

0.2840 


A A1 1 * 

0.033* 


/~*o c 

C25 


0.3678 (3) 


f\ r A AO /I \ 

0.6408 (3) 


A 1 1 OA /I \ 

0.2189 (3) 


A A1 1 /I /A\ 

0.0334 (9) 


T T1 C 

Hz 5 


A /I AA^ 

0.4096 


0.6606 


A 1 O 1 A 

0.2810 
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0.040* 


C26 


A 1 A A A /I \ 

0.3904 (3) 


A /~ Q A A /I \ 

0.6844 (3) 


A 1 /"f 1 /I \ 

0.1651 (3) 


A At z'/' / 1 A\ 

0.0366 (10) 


H26 


f\ A A H£. 

0.44/6 


0. /328 


A 1 AA/1 

0.1904 


A (\A A * 

0.044* 


Cz / 


\j.ii\)5 (3 ) 


A /Tflf 

O.oj lo (5 ) 


U.U /55 (3 J 


U.U385 (1U) 


t Tn 

H27 


A 1 A "> O 

0.3438 


A /TOOl 

0.6883 


A A'? O O 

0.0388 


A A A Hik 

0.047* 


C28 


A 1 A A 1 /I \ 

0.2491 (3) 


A C 0 1 A /I \ 

0.5839 (3) 


A A1 A O /I \ 

0.0398 (3) 


A Alf A /1 A\ 

0.0350 (10) 


i_n o 
Hzo 


A OA£A 

0.2069 


A c/:in 
0.5629 


—0.0224 


A A/l 1 * 

0.042* 
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L29 


0.2304 (3) 


A C A 1 A /") \ 

0.5420 (3) 


A AAf 1 /I \ 

0.0951 (3) 


A AIOA ZO\ 

0.0280 (8) 


Tin 

C30 


A 1 AH 1 /"3 \ 

0.14/1 (3) 


0.462/ (3j 


0.0636 (3) 


A AO PC /0\ 

0.02S5 (o) 


C31 


A Aon \ 

0.0823 (3) 


A A 1 Ol /I \ 

0.4182 (3) 
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-0.0262 (3) 
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0.0322 (9) 


TJ J 1 

H3 1 


A AOO£ 
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A nin* 
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A AA^£ /"?\ 
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0.0559 


0.3487 
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0.4396 (3) 
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TJ J £ 
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0. /438 


0.5683 


A A A 1 * 

0.042* 




C3 / 


0.5292 (3) 


0.6450 (3) 


A C 1 A /I \ 

0.5129 (3) 


A A/IOC /1 1 \ 

0.0425 (11) 




H3 1 


a c om 
0.5891 


O.o /43 


A C^l 1 

0.5633 


A AC 1 * 

0.051* 




C38 


0.5275 (3) 


0.5599 (3) 


0.4363 (3) 


A A/111 

0.0421 (ll) 
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C42 
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H42 
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H43 
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C44 
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0.3199 (3) 
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IT A A 
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A m O sk 

0.038* 




C45 


A 1 /" C A /O \ 

0.3650 (8) 


0.3793 (10) 
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0.50 


T T /I C A 

H45A 
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0.3950 


A A 1 f 1 
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A C A 

0.50 


H45B 


A •"> A T1 

0.3473 


A 1 AT/" 

0.3076 
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A C A 

0.50 




U.34/Z 


U.4166 


A A -1 no 

U.9498 
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A CA 


C46 


0.3758 (8) 


0.4354(10) 


0.7676 (9) 


0.0662 (13) 


0.50 


H46A 


0.4469 


0.4442 


0.8016 


0.099* 


0.50 


H46B 


0.3578 


0.4978 


0.7630 


0.099* 


0.50 


H46C 


0.3614 


0.3821 


0.7052 


0.099* 


0.50 


C47 


0.2156(9) 


0.3929 (10) 


0.7803 (10) 


0.0662 (13) 


0.50 


H47A 


0.1881 


0.4021 


0.7250 


0.079* 


0.50 



Atomic displacement parameters (A 2 ) 





U n 




JJ12 


IP 3 




U n 


u 13 


IP 


ColA 


0.0259 


(3) 


0.0289 (3) 


0.0281 


(3) 


0.0028 (2) 


0.0145 (2) 


0.0127 (2) 


ColB 


0.0234 


(3) 


0.0259 (3) 


0.0276 


(3) 


-0.0002 (2) 


0.0114(2) 


0.0083 (2) 


Co2 


0.0228 


(3) 


0.0198 (3) 


0.0249 


(3) 


-0.00180(19) 


0.0081 (2) 


0.0037 (2) 


Cll 


0.0279 


(5) 


0.0419(6) 


0.0645 


(8) 


0.0021 (4) 


0.0146 (5) 


0.0173 (6) 
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0.0286 


(14) 


0.0292 (14) 
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(15) 


0.0046(11) 


0.0126(12) 
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0.0334 


(15) 


0.0297 (15) 


0.0377 
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0.0073 (12) 


0.0152(13) 


0.0111 (13) 
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0.0381 


(16) 


0.0347 (16) 


0.0400 
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0.0039(13) 


0.0123 (14) 


0.0195(14) 
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0.0268 


(14) 


0.0343 (15) 


0.0384 


(16) 


0.0052 (11) 


0.0155 (12) 


0.0183 (13) 


05A 


0.0299 


(14) 


0.0394 (16) 


0.0274 


(15) 


0.0016(12) 


0.0132 (12) 


0.0114(13) 


06A 


0.0347 


(16) 


0.053 (2) 


0.0334 


(17) 


-0.0078 (14) 


0.0098 (14) 


0.0050 (15) 


07A 


0.0328 


(15) 


0.0391 (17) 


0.0304 


(16) 


0.0011 (13) 


0.0117(13) 


0.0074 (14) 


08A 


0.0272 


(13) 


0.0289 (14) 


0.0290 


(15) 


0.0006(11) 


0.0136(11) 


0.0117(12) 


01B 


0.0274 


(14) 


0.0293 (15) 


0.0365 


(16) 


0.0001 (11) 


0.0117(12) 


0.0127(13) 


02B 


0.0400 


(17) 


0.0337 (16) 


0.0456 


(19) 


-0.0005 (13) 


0.0092 (14) 


0.0198(15) 


03B 


0.0283 


(14) 


0.0316(15) 


0.0372 


(17) 


0.0057 (12) 


0.0101 (12) 


0.0061 (13) 


04B 


0.0266 


(13) 


0.0279 (14) 


0.0339 


(16) 


0.0044(11) 


0.0121 (12) 


0.0114(12) 


05B 


0.0282 


(14) 


0.0299(15) 


0.0312 


(15) 


-0.0005 (11) 


0.0100(12) 


0.0088 (12) 


06B 


0.0381 


(17) 


0.0498 (19) 


0.0304 


(17) 


-0.0017(14) 


0.0083 (14) 


0.0073 (15) 
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0.0318 


(15) 


0.0335 (16) 
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0.038 (Z) 


A A/1 O /OA 

0.043 (3) 


A AAC/I / 1 OA 

0.0054 (18) 


A AAO /C /1 OA 

0.0036 (ly) 


A AA/1 /OA 

0.004 (Z) 


C3S> 


A A 0/1/1 /1 OA 

0.0Z64 (iy) 


A AOO /OA 

O.Oz / (Zj 


A AO O /OA 

0.033 (2) 


A AA1 A /1 CA 

0.0014 (15) 


A AAOC /1 OA 

0.00V5 (1 /) 


A AA1 O / 1 OA 

0.003z (1 /) 


/"M a 
C40 


A AO CO / 1 OA 

o.ozoz (ly) 


A AOA /OA 

0.030 (Zj 


A AOO /OA 

0.03Z (2) 


A AA1 O /1 /CA 

0.0013 (lo) 


A AAO 1 / 1 OA 

o.ooyi (i /) 


A AA1 1 /1 OA 

0.0031 (18) 


C41 


A AO/C /OA 

O.Ozo (Zj 


A AO/; /OA 

0.036 (Zj 


A A/IO /OA 

0.04z (3 ) 


A AAA/1 /1 OA 

0.00o4 (1 /) 


A AA/C 1 /1 OA 

0.0061 (18) 


A AA/1 /OA 

0.004 (z) 


PA? 


u.uJZ, 1 Z. ) 


W.WH- 1 1 J j 




\j, \j\Joo y i " i 


U.Ul J ^z y 


U.UUj IZ I 


C43 


0.036 (2) 


0.030 (2) 


0.033 (2) 


0.0026 (17) 


0.0134(19) 


-0.0022 (18) 


C44 


0.028 (2) 


0.027 (2) 


0.030 (2) 


-0.0013 (16) 


0.0072 (17) 


0.0036 (17) 


C45 


0.050 (2) 


0.088 (3) 


0.080 (3) 


0.010 (2) 


0.032 (2) 


0.046 (3) 


C46 


0.050 (2) 


0.088 (3) 


0.080 (3) 


0.010 (2) 


0.032 (2) 


0.046 (3) 


C47 


0.050 (2) 


0.088 (3) 


0.080 (3) 


0.010(2) 


0.032 (2) 


0.046 (3) 



Geometric parameters (A, ") 



Col A — N2A 


1.834 (3) 


C11A— C12A 


1.403 (6) 


ColA— N1A 


1.836 (3) 


C11A— H11A 


0.9500 


ColA— OlA 


1.912(3) 


C12A— C13A 


1.388 (5) 


ColA— 05 A 


1.914(3) 


C12A— H12A 


0.9500 


ColA— 08A 


1.915(3) 


C13A— C14A 


1.512(5) 


ColA— 04A 


1.916(3) 


C1B— C2B 


1.511 (6) 


ColB— NIB 


1.835 (3) 


C2B— C3B 


1.384 (6) 


Co IB — N2B 


1.838 (3) 


C3B— C4B 


1.390 (6) 


ColB— 08B 


1.904 (3) 


C3B— H3B 


0.9500 


ColB— 04B 


1.912(3) 


C4B— C5B 


1.388 (7) 


ColB— 05B 


1.921 (3) 


C4B— H4B 


0.9500 


ColB— OIB 


1.938 (3) 


C5B— C6B 


1.395 (5) 


Co2— N4 


1.930 (3) 


C5B— H5B 


0.9500 


Co2— N3 


1.939 (3) 


C6B— C7B 


1.512(6) 


Co2— N6 


1.943 (3) 


C8B— C9B 


1.521 (5) 


Co2— N8 


1.945 (3) 


C9B— CI OB 


1.380 (6) 
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/~i o xn 

Co2 — N7 


1 A /I /I \ 

1.946 (3) 


Co2 — N5 


1.955 (3) 


/"<1 1 A1 1 

Cll — Oil 


1 ATI SA\ 

1.432 (4) 


t~ f \ 1 r\c\ 

Cll — (J9 


1 ATA / A\ 

1.434 (4) 


Lll — (J10 


1 A A^i { A \ 

1.443 (4) 


Cll — (J12 


1 A C A { A \ 

1.454 (4) 


OlA — CIA 


1 T\ A SC\ 

1.314 (5) 


/-\0 A /~1 1 A 

02A — CIA 


1.218 (5) 


03A — C7A 


1.226 (5) 


/i a /"in a 

04A — C7A 


1.300 (5) 


05A — C8A 


1.306 (5) 


06A — C8A 


1 /C\ 

1.215 (5) 


O / A C14A 


1.223 (j) 


/~\0 A 1 /I A 

08A — C14A 


1.309 (5) 


OIB — CIB 


1.308 (5) 


02B — CIB 


1.223 (5) 


03B — C7B 


1.232 (5) 


(J4B — C7B 


1.306 (5) 


05B — C8B 


1.309 (5) 


r-> /-inn 

OoB — C8B 


1.223 (5) 


(J7B — C14B 


1.223 (5) 


/\ i) r-> /-ii /in 

08B — C14B 


1 O 1 A /f N 

1.310 (5) 


S "\ 1 o /—I ,1 

013 — C47 


l .124 (13) 


C\ 1 /I A TT1/1T7 

(J14A — HI 4b 


A C\T10 

0.9378 


(J14A — H14r 


0.9441 


/"^v i ^ r-> T T 1 /I z" 1 

014B — H14G 


A OAOO 

0.8982 


/"^v 1 1 r-> TT1 /ITT 

014B — H14H 


A AO A A 

0.9309 


1 C TT1 1 f 

(J15 — H115 


A O C A A 

0.8500 


(J 1 5 — H2 1 5 


0.8500 


XT 1 A /"'O A 

N1A — C2A 


1.330 (5) 


XT 1 A C ' A 

JN1A — Co A 


1.334 (5) 


XT'"! A 1 1 A 

N2A — CI 3 A 


1.329 (5) 


XTO A f^C\ A 

N2A — CyA 


1.332 (5) 


XT 1 D / ^ o tj 

NIB — CzB 


1 T\ C\ /C\ 

1.319 (5) 


XT 1 D / 1 /_ T~) 

NIB — C6B 


1 T^O /C\ 

1.328 (5) 


\TiTi /"• (\ D 

NzB — C9B 


1.328 (5) 


NzB — C13B 


1.336 (5) 


XT') n r 

N3 — C15 


1 1 AO /f \ 

1.348 (5) 


N3 — C19 


1.354 (5) 


XT/I <^"^/1 

N4 — C24 


1.352 (5) 


xt a nn 
N4 — C20 


1.361 (5) 


N5 — C25 


1.353 (5) 


N5 — C29 


1 if / /r\ 

1.356 (5) 


No — C34 


1 1/11 /c\ 

1.341 (3J 


N6— C30 


1.362 (5) 


N7— C35 


1.344 (5) 


N7— C39 


1.360 (5) 


N8— C44 


1.336 (5) 


N8— C40 


1.367 (5) 



C10B — CUB 


1.379 (6) 


/~i -i ATI TT 1 ATI 

C10B — H10B 


0.9500 


run /~< 1 OT3 

CUB — C12B 


1.397 (6) 


cub — hub 


A A C A A 

0.9500 


C12B — C13B 


1.383 (6) 


/~i -i <-\ r-j Tfi i r-> 

C12B — H12B 


0.9500 


/-inn /< i 1 o 

C13B — C14B 


1.516 (6) 


CI 5 — C16 


1 TIC ( £\ 

1.375 (6) 


nif tti f 

C15 — H15 


A ACAA 

0.9500 


C16 — C17 


1.388 (6) 


Clo — HI 6 


A ACAA 

0.9500 


C 1 7 — C 1 8 


1 T OA ( £L \ 

1.380 (6) 


pn TT 1 T 

CI / — HI / 


A ACAA 

U.9500 


/ i i o /-i 1 a 

C18 — C19 


1.373 (6) 


/—' i o T T 1 O 

C18 — H18 


0.9500 


/—i 1 a /~il A 

C19 — C20 


1.467 (6) 


C2U — C2 1 


1.J8Z (6) 


/~iO i / 1 0 O 

C21 — C22 


1.377 (6) 


/" 10 1 T TO 1 

C2l — H2l 


0.9500 


C22 — C23 


1.393 (6) 


C22 — H22 


A ACAA 

0.9500 


C23 — C24 


1 TOO //^\ 

1.382 (6) 


/"~- ^ ^> t to o 

C23 — H23 


0.9500 


C24 — H24 


A ACAA 

0.9500 


C25 — C26 


i i aa //:\ 

1.390 (6) 


/- ^ o C T TO C 

C25 — H25 


0.9500 


/""■ 1 z' /-iO 1 

C26 — C27 


1.371 (7) 


C26 — H26 


A ACAA 

0.9500 


C27 — C28 


1 Tin //^\ 

1.392 (6) 


/- ^ o T T TO 1 

C27 — H27 


0.9500 


/—i o O /""OA 

C28 — C29 


1.372 (6) 


C28 — H28 


A ACAA 

0.9500 


o A /^OA 

C29 — C30 


1 AH£1 /C\ 

1.476 (5) 


/-i o A / ^ O 1 

C30 — C31 


1.384 (6) 


/—i o 1 /~1 o o 

C31 — C32 


1.388 (6) 


/"") 1 T TO 1 

C31 — H31 


A ACAA 

0.9500 


O O /^O o 

C32 — C33 


1.366 (6) 


/~i o O T TO O 

C32 — H32 


0.9500 


/— • o O /~i O /I 

C33 — C34 


1 1 OA i £L\ 

1.380 (6) 


C33 — H33 


A ACAA 

0.9500 


/~1 O yl TTI A 

C34 — H34 


A ACAA 

0.9500 


/~i ^> /— /—i o /T 

C35 — C36 


1.386 (6) 


C35 — H35 


A ACAA 

0.9500 


C36— C37 


1.381 (6) 


C36— H36 


0.9500 


C37— C38 


1.383 (6) 


C37— H37 


0.9500 


C38— C39 


1.391 (6) 


C38— H38 


0.9500 
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N9— C47 
N9— C45 
N9— C46 
CIA— C2A 
C2A — C3A 
C3A— C4A 
C3A— H3A 
C4A— C5A 
C4A— H4A 
C5A— C6A 
C5A— H5A 
C6A— C7A 
C8A— C9A 
C9A— CI OA 
ClOA— C11A 
CI OA— HI OA 



1.357 (15) 
1.508 (13) 
1.510(12) 
1.512(6) 
1.380 (5) 
1.399 (6) 
0.9500 
1.391 (6) 
0.9500 
1.378 (5) 
0.9500 
1.515 (6) 
1.504 (6) 
1.385 (5) 
1.385 (6) 
0.9500 



C39— C40 
C40— C41 
C41— C42 
C41— H41 
C42— C43 
C42— H42 
C43— C44 
C43— H43 
C44— H44 
C45— H45A 
C45— H45B 
C45— H45C 
C46— H46A 
C46— H46B 
C46— H46C 
C47— H47A 



1.462 (6) 

1.382 (6) 

1.376 (6) 

0.9500 

1.378 (6) 

0.9500 

1.391 (6) 

0.9500 

0.9500 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9500 



N2A — Col A — N1A 
N2A — Col A — 01 A 
N1A — Col A — 01 A 
N2A — Col A — 05 A 
N1A — Col A — 05A 
01A— ColA— 05A 
N2A — Col A — 08A 
N1A— ColA— 08A 
01A— ColA— 08A 
05 A— ColA— 08A 
N2A— ColA— 04A 
N1A— ColA— 04A 
OlA— ColA— 04A 
05 A— ColA— 04A 
08A— ColA— 04A 
NIB— Co IB— N2B 
NIB— Co IB— 08B 
N2B — Co IB — 08B 
NIB— Co IB— 04B 
N2B — Col B — 04B 
08B— Co IB— 04B 
NIB— Co IB— 05B 
N2B— ColB— 05B 
08B— Co IB— 05B 
04B— ColB— 05B 
NIB— ColB— OIB 
N2B— ColB— OIB 
08B— ColB— OIB 
04B— ColB— OIB 
05B— ColB— OIB 
N4— Co2— N3 
N4— Co2— N6 



178.75 (15) 
95.68 (13) 
83.30 (13) 

83.46 (13) 
95.80(13) 
89.85 (12) 
83.41 (13) 
97.34 (13) 
91.72(12) 
166.86(11) 
97.20 (13) 
83.82 (13) 
167.12(12) 
91.49(13) 
89.88 (12) 
174.28 (15) 
94.32 (13) 
83.66 (13) 
84.06 (13) 
90.60 (13) 
90.71 (12) 
98.43 (13) 
83.68 (13) 
167.26(12) 
90.80(12) 
82.94 (14) 
102.40(13) 
90.57 (12) 
167.00(12) 
90.80 (12) 
83.20 (14) 

92.47 (13) 



C3B— C2B— C1B 
C2B— C3B— C4B 
C2B— C3B— H3B 
C4B— C3B— H3B 
C5B— C4B— C3B 
C5B— C4B— H4B 
C3B— C4B— H4B 
C4B— C5B— C6B 
C4B— C5B— H5B 
C6B— C5B— H5B 
NIB— C6B— C5B 
NIB— C6B— C7B 
C5B— C6B— C7B 
03B— C7B— 04B 
03B— C7B— C6B 
04B— C7B— C6B 
06B— C8B— 05B 
06B— C8B— C9B 
05B— C8B— C9B 
N2B — C9B — C 1 0B 
N2B— C9B— C8B 
C10B— C9B— C8B 
CUB— CI 0B— C9B 
CUB— C10B— H10B 
C9B — C 1 0B — H 1 0B 
C10B— CUB— C12B 
C10B— CUB— HUB 
C12B— CUB— HUB 
C13B— C12B— CUB 
C13B— C12B— H12B 
CUB— C12B— H12B 
N2B— C13B— C12B 



129.0 (4) 

117.5 (4) 
121.3 
121.3 
121.4 (4) 
119.3 
119.3 
117.6(4) 
121.2 
121.2 
119.4(4) 

111.2 (3) 

129.4 (4) 

124.6 (4) 

122.1 (4) 

113.3 (3) 

125.5 (4) 
121.6(4) 
112.8(3) 

119.4 (4) 
111.0 (3) 
129.4 (4) 
118.7(4) 
120.6 
120.6 
120.8 (4) 
119.6 
119.6 
117.8 (4) 
121.1 
121.1 
119.6(4) 
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XT') f~* 1 XTiC 

JN j — C 02 — JN o 


on on /1 ^ \ 
oy.ov (1 J) 


XT/I /"< 1 \TO 

N4 — Co2 — N8 


A/1 Ol /1/l\ 

94.83 (14) 


XT') 1 XTO 

N3 — Co2 — N8 


175.94 (14) 


XTzl 1 XTO 

N6 — Coz — JN8 


m "7C /1 T\ 

93.75 (13) 


XT A f x O XTT 

JN4 — Co2 — JN / 


on a a i 1 1 \ 
o9.o4 (13) 


XT') /"" 1 XTT 

N3 — Co2 — N7 


93.27 (13) 


XTzl /" ^ . » 1 XTT 

N6 — Co2 — N7 


176.39 (14) 


xto f ' ^ o xn 

No — Co2 — JN7 


O 1 C /I A\ 

83.15 (14) 


XT A f * O XTC 

JN 4 — Co2 — JN j 


1 /j.UI (13) 


XT') 1 XTC 

N3 — Co2 — N5 


n a c\n / 1 a\ 

94.97 (14) 


XTz^ /" 1 XTC 

N6 — Co2 — N5 


82.87 (14) 


XTO 1 XTC 

No — Coz — JN5 


on io /'i /i \ 

87.28 (14) 


XT*7 /" ^ n 1 XTC 

JN / — Coz — JN j 


95. 1U (14) 


f\ 1 1 pi 1 PA 

Oil — Cll — 09 


109.0 (2) 


Oil — Cll — O10 


109.4 (2) 


f ~\ i ~\ pi 1 /" \ -1 pi 

09 — Cll — O10 


110.2 (2) 


Oil — Cll — Olz 


1 nn i \ 

109.2 (3) 


09 — Cll — 012 


109.9 (2) 


O10 — Cll — 012 


1 AA 1 /1\ 

109.1 (2) 


CIA — OlA — Col A 


1 1 A C\ SI \ 

114.9 (3) 


PTA Pt/1 A < 1 A 

C 7 A — 04 A — C 0 1 A 


1 1 /I c /o\ 

114.5 (2) 


P O A PC A / < 1 A 

C o A — O 5 A — C 0 1 A 


114.5 (3) 


C14A — 08A — Col A 


114.7 (2) 


C1B — OIB — Co IB 


114.1 (3) 


C7B — 04B — Co 1 B 


114.2 (3) 


C8B — 05B — Co 1 B 


ii/i /i 
114.4 (2) 


C14B — 08B — Co IB 


115.0 (2) 


TT1 A T7 /A 1 a a TT1 /I T7 

H 1 4b — 0 1 4 A — H 1 4r 


111/ 

113.6 


TT1 A Z" 1 f~\ 1 /IT) TT1 /ITT 

H 1 4Cj — 0 1 4B — H 1 4H 


120.2 


T T 1 1 C /"A 1 c TT^1 C 

HI 15 — 015 — H215 


107.7 


p rs * "KT1 A /' < / a 

C2A — N1A — C6A 


124.3 (3) 


C2A — N 1 A — ColA 


118.3 (3) 


P£A TvT1 A ' 1 A 

C6A — N 1 A — ColA 


1 1 T 1 /o \ 

117.4 (3) 


p 1 o A TvTO A i~^C\ A 

C 1 3 A — N2 A — C9A 


124.1 (3) 


C13A — N2A — ColA 


118.1 (3) 


PA A TV TO A P „ 1 A 

C9A — N2A — ColA 


1 1 T O /")\ 

117.8 (3) 


POO XT1 T> P /' r> 

C2B — N IB — C6B 


124.0 (3) 


C2B — N 1 B — Co 1 B 


118.7 (3) 


p / r-> XT 1 T) /" " 1 n 

C6B — NIB — Co IB 


117.1 (3) 


C9B — N 2B — C 1 3 B 


123.6 (3) 


C9B — N2B — Co IB 


1 i n o y> \ 

117.3 (3) 


C 1 3B — N2B — Co 1 B 


117.5 (3) 


C15 — N3 — C19 


1 18.6 (3) 


pi c XT'} 

C 1 5 — JN j — Co2 


126.9 (J) 


CI 9— N3— Co2 


114.4 (3) 


C24— N4— C20 


118.6(3) 


C24— N4— Co2 


126.9 (3) 


C20— N4— Co2 


114.3 (3) 


C25— N5— C29 


118.1 (4) 



NzB — C 1 3B — C 1 4B 


110.3 (3) 


C12B — C13B — C14B 


1 1 A A / A \ 

129.9 (4) 


07B — C 1 4B — 08B 


11/1 /I / /I \ 

124.4 (4) 


07B — C14B — C13B 


1 OO C { A \ 

122.6 (4) 


08B — C14B — C13B 


1 1 O A /O \ 

113.0 (3) 


XT') f " 1 C /" " 1 

N3 — C15 — C16 


121.7 (4) 


XT') PIC T T 1 c 

N3 — C15 — HI 5 


1 1 A 1 

119. z 


/"• 1 /_ pi r TT1C 

C 1 6 — C 1 5 — H 1 5 


1 1 A 1 

119.2 


C15 — C16 — C17 


1 1 A C / /I \ 

119.5 (4) 


ni f /'■> i s tti /; 

C 1 5 — C 1 6 — H 1 6 


1 OA O 

120.2 


/"< 1 -7 /-^ 1 /- TTI/' 

C17 — C16 — H16 


1 1A 1 

120.2 


C18 — C17 — C16 


118.7 (4) 


C18 — CI / — Hi / 


1 OA jC 

120. o 


1 p 1 t tti n 

C16 — C17 — H17 


1 OA £L 

120.6 


pin rii o pin 

C19 — C18 — C17 


1 1 A T //I \ 

119.3 (4) 


pi a PIO TTIO 

C19 — C18 — H18 


1 OA A 

120.4 


pn pin T T 1 O 

C 1 / — C 1 8 — H 1 8 


1 OA A 

120.4 


xto r ' 1 1\ r~* 1 o 

N3 — C19 — C18 


1 OO 1 //l\ 

122.1 (4) 


XT') A 1 (\ 

N3 — C19 — C20 


1 1 O A /O \ 

113.9 (3) 


c • i q p i r\ pi r\ 

C18 — C19 — C20 


1 O /I A / A \ 

124.0 (4) 


XT/I P1A nil 

JN 4 — C2U — C2 1 


1 o 1 n f a \ 

121.7 (4) 


XT/i pia nn 

N4 — C20 — C19 


1 1 O A t">\ 

113.9 (3) 


C21 — C20 — C19 


124.4 (4) 


/""ll p^l P1A 

C22 — C21 — C20 


119.5 (4) 


POO PO 1 T_TO T 

C22 — C2 1 — til 1 


1 OA O 

120.2 


p^A P^) 1 TT11 

C20 — C21 — H21 


120.2 


p--t)i ph pn 

C2 1 — C22 — C23 


1 1 A O / A \ 

119.2 (4) 


PT1 riT) ttti 

Cz 1 — C22 — Hzz 


1 OA A 

120.4 


p -) O PH TT')') 

C23 — C22 — Hzz 


1 OA A 

120.4 


p r\ a pn ph 

C24 — C23 — C22 


1 1 A A / A \ 

119.0 (4) 


p 1 /I PT) TTT) 

C24 — C23 — H23 


1 OA C 

120.5 


P11 /-"T) TTT) 

Czz — C23 — H23 


1 OA C 

120.5 


XT/I a pn 

N4 — C24 — C23 


1 OO A / A\ 

122.0 (4) 


XT/1 /"il /I TTI /I 

N4 — C24 — H24 


119.0 


C23 — C24 — H24 


119.0 


XTC p -v, r- PI/" 

N5 — C25 — C26 


1 O 1 C i A \ 

121.5 (4) 


XTC PTC tt^p 

N5 — C25 — Hz 5 


1 1 A O 

119.2 


plA s~ PIC TTlf 

C26 — C25 — H25 


119.2 


PT7 pi /" PIC 

C27 — C26 — C25 


120.1 (4) 


Cz7 — C26 — Hz 6 


1 OA A 

120.0 


PIC p -> /_ TT1/1 

C2 5 — C2 6 — Hz 6 


1 OA A 

120.0 


p ^ / pn p^o 

C26 — C27 — C28 


1 1 O A { A \ 
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Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i) x, y+l , z; (ii) -x, -y, -z+ 1 . 
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